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1. 

APPARATUS AND METHOD FOR 
IMPLEMENTING AN INTEGRATED 

CIRCUIT IP CORE LIBRARY 
ARCHITECTURE 

BACKGROUND 

The present invention relates generally to integrated cir 
cuit devices and, more particularly, to an apparatus and 
method for implementing an integrated circuit intellectual 
property (IP) core library architecture. 
As the mask costs for manufacturing ASICs (Application 

Specific Integrated Circuits) increase (e.g., a mask set for a 
chip is projected to be around 6 to 10 million dollars within 
the next 10 years), the need to reuse both masks and SOC 
(System On Chip) designs for multiple customers becomes 
more and more important. One particular problem associ 
ated with the fabrication of an SOC is determining which 
particular IP core(s) to use in the SOC. By using different IP 
cores on different customers’ chips, the masks used in the 
formation thereofare, as a result, unique for each customer. 
Accordingly, a single IP core must therefore be reproduced 
on a separate mask for each customer. 
One existing solution to this problem is to simply popu 

late a chip with some of the basic IP cores required for the 
SOC and then populate the rest of the chip with FPGA (Field 
Programmable Logic Array) structures. The remaining IP 
core functions would then be downloaded into the FPGA to 
configure the SOC for that particular customer. However, 
one drawback with respect to this approach is the ineffi 
ciency of the FPGA structure in relation to a gate level 
version of the same IP as well as the insecurity of the IP 
COCS. 

Another possible solution to this problem would be to 
provide predetermined sets of IP cores that would be treated 
as a library from a functional point of view, but would be 
treated as a single block of layout information. However, 
one problem with this approach lies in the challenge of 
creating an efficient architecture for the library of IP cores 
that can handle the requirements of I/O connections, pro 
cessor bus connections, and irregular shapes of the different 
kinds of IP cores. 

Accordingly, it would be desirable to be able to imple 
ment an IP core library architecture in a manner that allows 
for the unique functional requirements dictated by an cus 
tomer's desired SOC, but that also reduces mask and veri 
fication costs while also providing a practical means of 
communication between the IP cores, the base or customer 
logic, and applicable I/O devices. 

SUMMARY 

The foregoing discussed drawbacks and deficiencies of 
the prior art are overcome or alleviated by an integrated 
circuit (IC) architecture including a library of intellectual 
property (IP) cores configured to provide a plurality of 
individual circuit functions. The IP cores arranged in a 
manner compatible with a customized, functional selection 
of individual ones of the IP cores, wherein individually 
selected cores are accessible through a communication 
structure included within the library. 

In another embodiment, a system-on-chip (SOC) device 
includes a local microprocessor, a local memory device, a 
bus controller, and a library of intellectual property (IP) 
cores configured to provide a plurality of individual circuit 
functions. The IP cores are arranged in a manner compatible 
with a customized, functional selection of individual ones of 
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2 
said IP cores, wherein individually selected cores are acces 
sible through a communication structure included within the 
library. 

In still another embodiment, a method for implementing 
a customizable integrated circuit (IC) architecture includes 
configuring a library of intellectual property (IP) cores to 
provide a plurality of individual circuit functions, and 
arranging the IP cores in a manner compatible with a 
customized, functional selection of individual ones of the IP 
cores, wherein individually selected cores are accessible 
through a communication structure included within the 
library. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Referring to the exemplary drawings wherein like ele 
ments are numbered alike in the several Figures: 

FIG. 1 is a block diagram illustrating a high level imple 
mentation of an exemplary SOC that may be configured to 
incorporate an IP core library, in accordance with an 
embodiment of the invention; 

FIG. 2 illustrates a matrix structure of individual IP cores; 
FIG. 3 is a schematic diagram of an exemplary IP core 

architecture for an SOC, in accordance with an embodiment 
of the invention; 

FIG. 4 illustrates an alternative embodiment of the SOC 
and IP core architecture of FIG. 3; 

FIG. 5 is a schematic diagram of a detailed layout of an 
exemplary sub-cluster of the IP core architecture: 

FIG. 6 is a schematic diagram of an alternative embodi 
ment of the sub-cluster, shown without I/O devices; 
FIG.7 depicts an example of individual IP cores that have 

various sizes with respect to one another, and 
FIG. 8 is a schematic diagram of still an alternative 

embodiment of a sub-cluster that incorporates IP cores of 
different sizes. 

DETAILED DESCRIPTION 

Disclosed herein is a structural architecture that provides 
for a complete, dense library of IP cores on an integrated 
circuit. Such an architecture allows for a unique configura 
tion of an SOC for a given customer, while at the same time 
reduces mask and verification costs. The library architecture 
is configured to include the numerous types of individual IP 
cores (and possibly duplicate copies thereof) used for a wide 
array of SOC and ASIC design. Examples of such IP cores 
may include, but are in no way limited to, bus interface 
cores, communications cores, digital signal processing 
cores, math cores, memory controller cores, processor cores, 
and peripheral cores, for example. The present library archi 
tecture further facilitates communication with the IP cores, 
along with access to external pins of the integrated circuit. 
The configuration of the selection of the IP may be pro 
grammable, either through a one time programming step, for 
example, or alternatively may be made more flexible 
through a volatile memory structure. 

Briefly stated, the IP core library architecture implements, 
in one embodiment, the use of a star based communication 
structure. Such a communication structure utilizes a multi 
bandwidth hierarchical structure, based on the physical 
location and requirements of the IP function. A method of 
connecting I/O to the different IP cores in a user selectable 
fashion is also disclosed herein. Thus configured, the dis 
closed architecture provides an advantageous Solution to the 
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problems of I/O connection, processor bus connection, and 
the irregular shapes of the different kinds of IP cores 
available. 

Referring initially to FIG. 1, there is shown a block 
diagram illustrating a high level implementation of an 
exemplary SOC 100 that may be configured to incorporate 
an IP core library 102 in accordance with an embodiment of 
the invention. In addition to a core library 102, the SOC 100 
may include other basic IP cores such as, for example, a 
local microprocessor 104, a local memory 106, bus control 
ler 108 (associated with communication bus 110 for com 
municating with the IP core library 102). Although not 
illustrated in FIG. 1, customer logic (such as embodied by an 
FPGA) could also be included within the exemplary SOC 
1OO. 
The IP core library 102 may be characterized by a matrix 

of individual IP cores having an intercommunication struc 
ture that allows each of the IP cores therein to communicate 
with the base IP cores (e.g., processor 104, memory 106, bus 
controller 108) and/or customer logic (not shown). One 
possible matrix structure of individual IP cores 112 is 
illustrated in FIG. 2. As is shown, a high-speed parallel bus 
(PLB) 114 and a slower speed parallel bus (OPB) 116 
connects the IP cores 112 in a matrix-like fashion. This 
regularity of the matrix allows the cores 112 to be connected 
to the proper speed bus with a minimum of interconnection 
wiring. 

With regard to communication of the cores 112 in the 
matrix with base IP cores (such as processor 104), certain 
considerations become an issue, such as physical connec 
tions, number of connections, timing, performance, power, 
and I/O connections, among others. More specifically, the 
problem of physical connection for example lies in the 
manner of how to efficiently lay out the IP cores, while at the 
same time maximizing connectivity and performance. The 
structure shown in FIG. 2 depicts an efficient packing 
mechanism given the validity of the following two assump 
tions: (1) that the core sizes are regular and uniform; and (2) 
that a given PLB or OPB bus can handle the bandwidth of 
communication for all the possible functional cores 112 
connected to a given set of rows. However, as a practical 
matter, IP cores are not regularly and uniformly sized across 
a broad range of IP, unless the IP is substantially all the 
same. On the other hand, if all the IP cores are substantially 
the same, then the characteristics of a library of diverse 
functions (suitable for multiple SOC customers) is not met. 
Thus, the above architecture of FIG. 2 is too simplistic for 
implementation in a library type application. 

Therefore, in accordance with an embodiment of the 
invention, an IP core library architecture is introduced that 
is flexible with regard to the size and requirements of 
different types of IP cores. As is illustrated herein, an 
exemplary embodiment of the present architecture incorpo 
rates different shapes and sizes of IP cores by utilizing a 
star-like structure having end nodes. Referring now to FIG. 
3, an exemplary application of the present IP core architec 
ture in an SOC 300 is shown, wherein a microprocessor 302 
is a central focal point for a plurality of first level commu 
nication hubs 304. The first level communication hubs 304 
are each connected to the central processor 302 by the 
highest speed/bandwidth bus available in the particular SOC 
300 (e.g., PLB4, PLB5). For desired priority routing and 
spatial efficiency, the “corner first level hub connections are 
routed with the use of diagonal wiring. 

In addition, each of the first level hub connections 304 
also serve as a focal point of a sub-cluster 306 of IP core 
elements. As is described later, the sub-clusters 306 indi 
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4 
vidually address the problem of IP core size irregularity, 
different IP core bandwidth requirements, and I/O intercon 
nections. Due to the local nature of the sub-cluster and the 
direct connection thereof to the associated first level hub 
connection 304, the timing problems of wiring different IP 
cores is minimized. 

FIG. 4 illustrates an alternative embodiment of an SOC 
400, including a pair of local memory cores 402, 404. 
Further, the local processing function is shown divided 
among four individual sub-processors 406a-406d. As a 
result, each of the first level hub connections 304 and the 
local memory cores 402, 404 are connected to a processor 
hub 408, which in turn is connected to the sub-processors 
406a-406d. It will be noted, however, that the layout and 
configuration of the sub-clusters 306 is similar to the SOC 
300 embodiment depicted in FIG. 3. 

Referring now to FIG. 5, a more detailed layout of an 
exemplary sub-cluster 306 is illustrated. The sub-cluster 306 
includes a plurality of IP cores 112, a second level hub 
connection 502 (coupled to a first level hub connection 304 
such as shown in FIGS. 3 and 4), a plurality of third level 
hub connections 504 each coupled to the second level hub 
connection 502, a plurality of Switching devices (e.g., mul 
tiplexers 506) and, in this embodiment, a plurality of I/O 
devices 508. More specifically, the IP cores 112 are laid out 
in a grid-like fashion with the third level hub connections 
504 centrally located with respect to their respective sub 
group of cores 112, and the second level hub connection 502 
centrally located with respect to the third level hub connec 
tions 504. 

As will be noted from the exemplary 4:1 multiplexing 
levels in the sub-cluster of FIG. 5, each core 112 is coupled 
to two individual multiplexers 506. The unshaded cores 112 
represent those for which both multiplexers 506 are coupled 
to a third level hub connection 504, while the shaded cores 
112 represent those for which one multiplexer 506 is 
coupled to a third level hub connection 504, and the other 
multiplexer 506 is coupled to an I/O device. It also will be 
noted that only one core 112 out of a set of four can 
communicate with a third level hub connection 504 or an I/O 
device 508. Furthermore, the unshaded cores 112 may 
communicate with one of two third level hub connections 
504, but not both. Thus, out of the exemplary group of 48 IP 
cores 112, 16 may be active at one time. 

FIG. 6 is an alternative embodiment of the sub-cluster 306 
of FIG. 5, but without the I/O devices 508 of FIG. 5. In both 
instances, the sizes of the individual cores 112 are relatively 
uniform with respect to one another. However, an advantage 
of the present IP core architecture is that the size of the 
individual IP cores need not have to be uniform in order to 
make the bus connections work. For example, individual 
sub-clusters may be more heavily weighted toward one or 
more IP cores, in terms of the area occupied by the core(s). 
The block diagram of FIG. 7 depicts an example of indi 
vidual cores 112 having different chip areas. 

Although individual IP cores 112 may have different chip 
areas, they may still be grouped in a manner that is still 
compatible with the cluster approach disclosed herein. As is 
illustrated in FIG. 8, the format entire sub-cluster design 
with different sized IP cores is maintained. In this example, 
the largest IP core is connected directly to the second level 
hub connection 502. Depending on the physical layout of a 
library, the timing of a given IP core with respect to a 
communication bus might otherwise be constrained. How 
ever, in the embodiments described above, since the core 
to-bus distance to the bus is limited, the timing requirements 
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are satisfied and the performance of the SOC in this regard 
is not constrained by the layout. 

Another aspect of performance with respect to the SOC is 
the bandwidth of data movement required by an IP core 
connected to the bus during a functional mode. If a bus can 
handle, for example, 250 MHz worth of data movement and 
a given IP core uses 200 MHz of that bandwidth, then only 
50 MHZ of bandwidth is available for other IP cores on the 
same bus structure. Thus, an additional consideration is to 
laying out the IP cores in the clusters in a manner Such that 
the bandwidth requirements of the IP cores that would 
routinely be connected to a bus do not exceed the bus 
bandwidth. Accordingly, it may be the case that certain high 
bandwidth cores would utilize a dedicated bus or, alterna 
tively, are duplicated at more than one place in the cluster. 
Furthermore, the use of the above described cluster structure 
also provides the capability of connecting a core to two 
separate buses, which would in turn allow the bandwidth of 
a single core to be balance on two different buses. 

Finally, in order to fully customize a SOC having the 
above described IP core library, a top level of “personalized' 
metal may be created. This top metal level may be created 
for each customer, ASSP or CSSP such that the final device 
functionally connects only those cores that are needed for 
the desired application. This metal layer would preferably be 
designed so as to allow multiple cores to be connected to an 
I/O, in addition to containing fat-wire crossbar type connec 
tions that would connect the core(s) to the power grid. 
However, where capacitance on the inter-core bus system 
becomes a concern, the top metal level could also be used to 
connect the core(s) to the bus. Accordingly, by connecting 
different resources to the core through a top level metal 
layer, the personalization and isolation of non-used cores is 
accomplished in a straight forward, cost effective manner. 

While the invention has been described with reference to 
a preferred embodiment or embodiments, it will be under 
stood by those skilled in the art that various changes may be 
made and equivalents may be substituted for elements 
thereof without departing from the scope of the invention. In 
addition, many modifications may be made to adapt a 
particular situation or material to the teachings of the 
invention without departing from the essential scope thereof. 
Therefore, it is intended that the invention not be limited to 
the particular embodiment disclosed as the best mode con 
templated for carrying out this invention, but that the inven 
tion will include all embodiments falling within the scope of 
the appended claims. 
What is claimed is: 
1. An integrated circuit (IC) architecture, comprising: 
a library of intellectual property (IP) cores configured to 

provide a plurality of individual circuit functions; 
said IP cores arranged so as to enable a customized, 

functional selection of individual ones of said IP cores; 
wherein individually functional selected said IP cores are 

accessible through a star based communication struc 
ture included within said library, the star based com 
munication structure further comprising: 
one or more first level communication hubs configured 

for communication with one or more external circuit 
devices with respect to said library; 

a plurality of Sub-clusters in communication with each 
of said first level communication hubs, through 
second level communication hubs; 

said plurality of Sub-clusters further comprising a plu 
rality of third level communication hubs in commu 
nication with a corresponding one of said second 
level communication hubs; and 
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6 
subsets of said IP cores associated with a given sub 

cluster are configured for selective coupling to one or 
more of said third level communication hubs. 

2. The IC architecture of claim 1, further comprising: 
a given one of said third level communication hubs 

centrally located with respect to a subset of said IP 
cores associated therewith: 

a given one of said second level communication hubs of 
an associated Sub-cluster centrally located with respect 
to said third level communication hubs in said associ 
ated Sub-cluster; and 

a given one of said first level communication hubs cen 
trally located with respect to a subset of sub-clusters 
associated therewith. 

3. The IC architecture of claim 1, wherein connections 
between said one or more first level communication hubs 
and said one or more external circuit devices have a higher 
bandwidth capability than connections between said indi 
vidual functional selected said IP cores and said third level 
communication hubs. 

4. The IC architecture of claim 1, wherein individual 
functional selected said IP cores within a given sub-cluster 
are of varying sizes and shapes. 

5. The IC architecture of claim 1, wherein one or more of 
said individual functional selected said IP cores are config 
ured for selective connection to external input/output 
devices. 

6. A system-on-chip (SOC) device, comprising: 
a local microprocessor, 
a local memory device; 
a bus controller, and 
a library of intellectual property (IP) cores configured to 

provide a plurality of individual circuit functions: 
said IP cores arranged so as to enable a customized, 

functional selection of individual ones of said IP cores; 
wherein individually functional selected said IP cores are 

accessible through a star based communication struc 
ture included within said library, the star based com 
munication structure further comprising: 
one or more first level communication hubs configured 

for communication with one or more external circuit 
devices with respect to said library; 

a plurality of Sub-clusters in communication with each 
of said first level communication hubs, through 
second level communication hubs; and 

said plurality of Sub-clusters further comprising a plu 
rality of third level communication hubs in commu 
nication with a corresponding one of said second 
level communication hubs; 

wherein subsets of said IP cores associated with a given 
Sub-cluster are configured for selective coupling to 
one or more of said third level communication hubs. 

7. The SOC device of claim 6, further comprising: 
a given one of said third level communication hubs is 

centrally located with respect to a subset of said IP 
cores associated therewith: 

a given one of said second level communication hubs of 
an associated Sub-cluster is centrally located with 
respect to said third level communication hubs in said 
associated Sub-cluster, and 

a given one of said first level communication hubs is 
centrally located with respect to a subset of sub-clusters 
associated therewith. 

8. The SOC device of claim 6, wherein connections 
between said one or more first level communication hubs 
and said one or more external circuit devices have a higher 
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bandwidth capability than connections between said indi 
vidual functional selected said IP cores and said third level 
communication hubs. 

9. The SOC device of claim 6, wherein individual func 
tional selected said IP cores within a given sub-cluster are of 5 
varying sizes and shapes. 

10. The SOC device of claim 6, wherein one or more of 
said individual functional selected said IP cores are config 
ured for selective connection to external input/output 
devices. 

11. A method for implementing a customizable integrated 
circuit (IC) architecture, the method comprising: 

configuring a library of intellectual property (IP) cores to 
provide a plurality of individual circuit functions; 

arranging said IP cores so as to enable a customized, 
functional selection of individual ones of said IP cores; 

wherein individually functional selected said IP cores are 
accessible through a star based communication struc 
ture included within said library, wherein configuring 
the star based communication structure further com 
prises: 
configuring one or more first level communication hubs 

for communication with one or more external circuit 
devices with respect to said library; 

configuring a plurality of Sub-clusters in communica 
tion with each of said first level communication 
hubs, through second level communication hubs; 

said plurality of Sub-clusters further comprising a plu 
rality of third level communication hubs in commu 
nication with a corresponding one of said second 
level communication hubs; and 
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configuring Subsets of said IP cores associated with a 

given Sub-cluster for selective coupling to one or 
more of said third level communication hubs. 

12. The method of claim 11, further comprising: 
centrally locating a given one of said third level commu 

nication hubs with respect to a subset of said IP cores 
associated therewith: 

centrally locating a given one of said second level com 
munication hubs of an associated Sub-cluster with 
respect to said third level communication hubs in said 
associated Sub-cluster, and 

centrally locating a given one of said first level commu 
nication hubs with respect to a subset of sub-clusters 
associated therewith. 

13. The method of claim 11, wherein connections between 
said one or more first level communication hubs and said 
one or more external circuit devices have a higher band 
width capability than connections between said individual 
functional selected said IP cores and said third level com 
munication hubs. 

14. The method of claim 11, wherein individual functional 
selected said IP cores within a given sub-cluster are of 
varying sizes and shapes. 

15. The method of claim 11, further comprising config 
uring one or more of said individual functional selected said 
IP cores for selective connection to external input/output 
devices. 


